a retaining dam for the impression material. A smooth, lightly mixed alginate hydrocolloid impression material was then poured onto the defect area starting at the highest point and allowing the mixture to flow downward to avoid trapping air. Tufts of cotton were placed over the alginate just at the time it was about to set, in order to act as a binding unit between the alginate and lightly mixed Plaster of Paris, which was poured over it (Figs 3A and B) . The Plaster of Paris provided a rigid support to the impression material and also prevented dimensional distortion during the removal of set alginate material from the patient's head. Dental stone plaster was mixed and poured onto the alginate impression to obtain positive likeness of the patient's skull (Fig. 4) . The markings on the stone cast are not as concise as originally placed. Therefore, the center of the line was assumed to be the original border. 4 Prior to fabrication of the cranial prosthesis, the neurosurgeon should be consulted and the design of the cranial prosthesis discussed.
Trial of the Wax Prosthesis
A wax pattern was then made to the exact dimension and contour of the skull defect image derived from the positive replica of the stone cast. At this stage, the patient was recalled for a try-in, in order to ensure a proper fit of the wax skulldefect pattern. During the try-in stage, the necessary corrections were made to make the wax pattern matched to the contour of the normal contralateral side of the skull. The margins of the wax prosthesis were also inspected to be merged with margins of the defect (Figs 5A and B).
Titanium Plate Fabrication
A titanium plate was fabricated out of the medical grade titanium sheet using this wax pattern as a mould (Jayon Implant Pvt Ltd. Lab, Kanjikode, Palakkad, Kerala) and 2 mm holes were drilled throughout the plate (Fig. 6 ). These perforations prevent development of an epidural hematoma, permit escape of underlying fluid and its absorption by the lymphatics of the scalp, and allow for ingrowth of fibrous connective tissue to assist in stabilization. The holes also provide a means of securing the cranial prosthesis to the bony defect. 1 A number of surgeons have commented on the frequency of complications in unperforated plates. In a few instances, solid plates giving rise to trouble have been successfully replaced immediately after multiple drill holes were made. 5 To prevent the sharp margins of the holes from cutting the sutures, later used in its insertion, it is necessary that the holes be countersunk on both the inner and outer surface. The titanium plate was then autoclaved and made ready to be surgically placed under the scalp.
Surgical Placement of the Prosthesis
The patient was brought to the operating room and placed in a supine position for oral endotracheal intubation. The planned incision is ideally marked over healthy tissue away from the area of reconstruction and should take into account the need for wide exposure, management of the soft tissue, a hidden position of the final scar and tension-free closure. 6 The cutaneous incision was opened in segments and dissection was then performed bluntly in subgaleal plane, leaving the pericranium in place. The incision was then retracted with opposing skin hooks and a needle tip cautery device used to cut and coagulate the deeper tissues. Dissection was then continued until the margins of entire defect were delineated in a supraperiosteal plane. The fit of the margins of the cranial prosthesis were checked and found to be accurate (Fig. 7) .
Corresponding to the periphery holes on the plates, certain markings were made over the intact bony margin using electrocautery. With no. 40 bone bur, holes were drilled through the outer table of skull into the diploe layer of the bone at the points previously marked under copious saline irrigation. An additional hole was then drilled into the diploe layer so as to contact each of the former holes at right angles ( Fig. 8 ). Then 1-0 proline suture was passed through all these two holes and their corresponding holes on the periphery of the titanium plate giving tripod stability to the plate (Fig. 9) . After the initial stabilization with the help of sling sutures the plate was evaluated for bulk, contour, margin thickness, and position, and then finally sutured firmly to the desired area (Fig. 10) . Copious antibiotic laden irrigation was done to ensure the wound was free of debris. Closure was then performed in layers using Vicryl to close the underlying galea and subcutaneous tissue. The skin was sutured by staple sutures with a drain placed left in place along with compressive turban dressing. The patient was examined in the department of prosthodontics after one week of surgery and there was remarkable improvement in the contour of the skull. The patient was extremely satisfied with JAYPEE 
DISCUSSION
Cranioplasty, the surgical repair of the skull defect, is one of the oldest known neurosurgical procedures, dating from the year 3000 BC, when the Paracas Indians in Peru performed procedures to correct large cranial defects. 7 Cranial decompression has gained popularity in treating elevated intracranial pressure in traumatic brain injury. A full-thickness bone flap is removed and commonly stored in a freezer or subcutaneous abdominal pocket. The most common indication for cranioplasty is the infectious loss of a bone flap after elective craniotomy. 8 Injuries that are compound and involve infection are best delayed for 6 months to 1 year to allow the surgical bed to heal and be free from infection. Cranioplasties taking place 1 to 6 months after craniectomy had the highest complication rate (7.9%) and those performed 12 to 18 months after craniectomy had the lowest complication rate (4.5%). 9 In the case reported, the cranioplasty was done 7 months after craniectomy to prevent any complication.
C
Apart from cosmetic improvement, cranioplasty improves systemic cardiovascular and cerebral hemodynamic functions. 10 Gardner reported a syndrome characterized by headaches, dizziness, irritability, epilepsy, discomfort and psychiatric syndromes that he had observed in patients with cranial defect. He called it the "syndrome of the trephined" and was the first to describe an improvement in the neurological function of some patients who underwent cranioplasty with tantalum. [11] [12] [13] Unexpected improvements in the neurological status and in activities of daily living after cranioplasty in patients who had undergone previous craniectomy due to uncontrollable intracranial hypertension have been shown in several studies. [13] [14] The generally accepted explanation is that this neurological improvement might be due to a reduction of local cerebral compression effects by atmospheric pressure after cranioplasty, thereby increasing cerebral blood flow (CBF). [15] [16] [17] [18] The ideal attributes of cranioplasty materials include the following : Malleability, low cost, ease of use, ready availability, strength, inertness, radiolucency, nonferromagnetism, resistance to infection, capacity to grow, ease and stability of fixation to skull, compatibility with good cosmesis, nonrestorability, and nonthermoconductivity, sterilizability, nonionizability and noncorrosiveness. Currently, no cranioplasty material possesses all these characteristics. Nevertheless, one must choose among the various cranioplasty materials based on the best possible information about the attributes and availability of the materials, and the demands of the clinical situation. There are two basic methods for cranioplasty: (1) Osteoplastic reconstruction and (2) restoration with alloplastic implants.
The gold standard for skull reconstruction is autogenous cranial bone. In general, the use of autogenous bone is associated with low rates of infection and limited tissue reaction. In contrast, cranial bone is associated with additional donor site morbidity, has a limited volume of availability, can be difficult to shape and may be associated with long-term resorption. In general, its use is supported for the replacement of previously stored iatrogenic bone flaps, the reconstruction of small to mediumsized defects, and pediatric cranioplasty. 6 In the case reported, the choice of osteoplastic reconstruction was neglected because of the large-sized defect and infected bone flap.
The next option available was restoration with Polymethylmethacrylate (PMMA). PMMA is a polymerized ester of arcylic acid. Methyl methacrylate was first used as a cranioplastic material by Zander in 1940. 1 Autopolymerizing acrylic resin may be applied and adapted directly into a cranial defect, using saline irrigation to reduce heat from polymerization. However, presurgical fabrication of cranial prostheses is more desirable because reproduction of contour is more easily controlled and use of heat-processed resin is possible, resulting in a stronger prosthesis. PMMA cranioplasty should not be used in the presence of cranial infection, an open paranasal sinus, in the acute setting after a compound (open) head injury and in children less than 3 years of age. Compared to autologous bone, the main advantages of PMMA are ease of use and excellent cosmesis. Other advantages include ready availability, low cost, strength, stability, malleability, nonferromagnetism, nonionizability noncorrosiveness, and thermal nonconductivity. In terms of strength, PMMA is comparable to bone. Because of its brittleness, however, PMMA shatters into multiple fragments after fracture and, being radiolucent, the fractures of brittle acrylic plates cannot be detected and fragments cannot be located by radiographs. The major disadvantages of PMMA are a perceived increased susceptibility to postoperative infection and late complications. The susceptibility to risk of infection with PMMA is related to its nonviability and its fibrous encapsulation, which permits bacterial colonization. 19 Considering high susceptibility of infection for PMMA, the alloplastic restoration with this material was also neglected in the case reported. Therefore, restoration of the skull defect by the next best available material, Titanium, was planned. Titanium (Ti22) was discovered in 1791 by William Gregor in England. Titanium was first used in cranioplasty in 1960's by Simpson. 20 There are many physical properties of titanium to recommend its use as a cranioplasty material. Titanium is relatively radiolucent, nonferromagnetic and nonparamagnetic. Compared to other metals, titanium has a very low rate of corrosion, a low density and low modulous of elasticity. 21 Another property of titanium is the accurate postoperative imaging without any major artifacts exploring the CT or MRI and the nonferromagnetic capacity permitting the safe examination in MRI high field, therefore being useful for long-term follow-up of the patients. Furthermore, titanium is associated with no toxicity, elicits no inflammatory reaction, and permits bone growth into its porous spaces (osseointegration) and through the openings of its mesh-like architecture. The literature indicates an infection rate of under 2% when using titanium [22] [23] [24] [25] [26] [27] [28] as compared to 10 to 12% when using acrylic. 29 The high cost is its major disadvantage.
Futuristic Approach
Conventional technique has certain limitations that include difficulty in locating exact defect margins due to muscle and skin thickness and individual variations. Also, the dimensional changes of impression materials and dental stone and the patient discomfort are taken into consideration. The futuristic approach lies in the fabrication of three-dimensional cranial prosthesis by rapid prototyping and fused deposition modeling. 30 The concept of osteoinduction has also been applied to cranioplasty with the evidences of BMPs. It can be anticipated that the implant of the future will give protection to the skull, be esthetically perfect and be osteoconductive and osteoinductive.
CONCLUSION
The number of patients requiring cranioplasty has increased considerably in recent years, due to the large number of cranial injuries occurring in this modern age. A case report of a patient has been illustrated who had a road traffic accident sustaining multiple fractures, including skull, followed by decompressive craniectomy and a cranioplasty rehabilitating his neurological status and cosmesis using a titanium cranial prosthesis with prosthodontists and neurosurgeons working as a team. Though the conventional method was used in the fabrication of the titanium cranial prosthesis, but satisfactory results were obtained both functionally as well as esthetically, which were the main goals of the treatment planning.
